Summary
Introduction
Hepatocellular carcinoma (HCC) still remains one of the most commonly diagnosed cancer types [1] . According to World Health Organisation (WHO) data from 2008, it is the sixth most common cancer worldwide. Prognosis of liver cancer remains poor; in 2008, it was the third most common cause of cancer death, with 700,000 deaths worldwide. This number is not expected to decrease in the near future [1] [2] [3] . The incidence is much higher in developing countries than in the western world. This is explained by the rates of hepatitis B virus (HBV) infection and degraded food supplies contaminated with aspergillus. During the past decade, vaccination has reduced the number of HBV infections in Asia and the eastern world [1] [2] [3] . However, in Europe and the United States especially, hepatitis C Virus (HCV) infection and the increasing number of alcohol addicts has led to a higher rate of liver cirrhosis, leading to HCC [4, 5] . Therefore, HCC, a difficult-to-treat cancer, should remain a focus of research. Since the liver is mostly able to compensate for impairment, symptoms usually occur in the far advanced tumour stages. However, curative therapeutic options exist for limited disease alone. These curative options are resection, radiofrequency ablation and liver transplantation [6] [7] [8] [9] . Resection and local ablative strategies destroy vital tumour cell masses and are applicable only in limited HCC stages. Liver transplantation is possible only in accordance with the Milan criteria or within study protocols [10] . Other treatment options, such as transarterial chemoembolisation (TACE), are considered to be only life prolonging [9, 11] . Until 2010 there was no systemic treatment option: conventional chemotherapy produced no life-prolonging effect or was not applicable due to reduced liver function or poor overall condition. Therapeutic oestrogen receptor blockade with tamoxifen was shown to be ineffective [12] . Therefore, the prognosis of HCC patients was limited, and closely correlated with tumour stage at diagnosis and remaining liver function. During the past decade, research has improved our knowledge of HCC, so that diagnosis and treatment could be reformed. Basic research decoded HCC development via specific cell mutations and genetic aberrations influencing treatability [4] . Effective screening procedures were not only introduced but also established. With the improvement in imaging techniques and better resolution of sonography and computed tomography, earlier diagnosis and (consequently) better treatability is to be expected [8, 13, 14] . Methods of diagnosis became simpler owing to the possibility of dynamic imaging and detection of the early arterial enhancement typical of HCCs. Most patients no longer need to be biopsied for diagnosis [6, 13] . Additionally, treatment options were enhanced. Radiofrequency ablation is applicable in much larger lesions [6] . With the development of drug-eluting beads, TACE can place chemotherapeutics more precisely in the tumour. TACE may offer a more effective therapeutic option than in the past. Sorafenib, the first effective systemic therapeutic option, acts at a subcellular level with combined antiproliferative and antiangiogenic effects. The substance was shown to be and introduced as the first systemic and lifeprolonging agent for HCC [15] . These life-prolonging effects are only limited. Several substances are currently in phase III clinical trials. Progress in understanding the molecular mechanisms of HCC development is the key to the detection of new targets. For example, the c-MET inhibitor tivantinib has recently shown promising results in the subgroup of c-MET high expressing HCC [4, 9, 16] . In the present study, we evaluated all consecutive HCC patients treated in a single European centre, namely the University Hospital Erlangen, between December 1999 and the end of January 2013. To date, the prognosis of HCC is known to be poor, with no realistic therapeutic hope for most of our patients. However, this assessment of the situation is based on the results of studies in other countries some years, or even decades, ago. Data describing the current situation of a freshly diagnosed HCC patient in the western world are lacking. Therefore, one aim of this study was to describe aetiology, diagnostic procedures, staging and outcome in a large group of HCC patients. In the same university hospital, a similar evaluation has been published for patients admitted between 1988 and 1999 [12] . Therefore, secondly, we present data on two cohorts which were diagnosed and treated in the same centre. We are thus able describe development of HCC epidemiology during the past decade in these representative patient groups.
Materials and methods
We included the data of 484 consecutive HCC patients admitted to the University Hospital of Erlangen between December 1999 and January 2013. The project was approved by the local ethics committee. The University Hospital Erlangen is the referral centre for Northern Bavaria, and at the time of data collection was capable of all therapeutic methods for HCC, including liver transplantation, liver surgery, interventional methods and the participation in multicentre trials. HCC was diagnosed via biopsy or in accordance with accepted European guidelines [6] . Contrast-enhanced ultrasound, multidetector computed tomography and magnetic resonance imaging were accepted imaging techniques. HCC was diagnosed in lesions >2 cm, if typical early arterial perfusion and late venous washout were shown with two different imaging methods, or when alpha-foetoprotein (AFP) was >400 U/l with positive results from one typical imaging method. With an update in 2005, a single dynamic imaging technique was sufficient for the diagnosis of HCC nodules >2 cm. Smaller lesions of 1-2 cm in diameter in pre-existing liver cirrhosis were diagnosed without biopsy by means of two approved imaging techniques. Owing to its lack of specificity, AFP
Figure 1
Principles of the Okuda, CLIP and BCLC scores as described in the literature [6, 12, 14] . AFP = alpha-foetoprotein; BCLC = Barcelona clinic liver cancer; CLIP = cancer of the liver Italian programme; RFA = radiofrequency ablation; TACE = transarterial chemoembolisation
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Swiss Med Wkly. 2014;144:w13900 was erased from diagnosis algorithms completely. In the case of uncertain imaging results, biopsies or close surveillance were performed in this cohort. The 2012 update of the EASL (European Association for the Study of the Liver) guidelines was put into practice after the conclusion of this study. If available, biopsy results and tumour grade were documented. We determined the stages and causes of underlying liver disease. Viral, autoimmune or metabolic liver disease were diagnosed with the usual blood tests (hepatitis B surface antigen antibody, hepatitis B core antigen antibody, hepatitis B deoxyribonucleic acid [DNA] , hepatitis C antibody, hepatitis C ribonucleic acid [RNA] , hepatitis D antibody, immunoglobulins, antimitochondrial antibody, antinuclear antibody, smooth muscle cell antibody, liver kidney microsomal antibody, coeruloplasmin, copper in urine, ferritin, ferrum/transferrin saturation and standard genetic tests for haemochromatosis and Wilson's disease). Diagnosis of alcoholic liver disease versus nonalcoholic liver disease was based on histological parameters and the patients' history of alcohol intake. Regular alcohol intake of >30 g/day in females and >70 g/day in males was defined as alcohol abuse and cause for existing steatohepatitis, fibrosis or liver cirrhosis. Liver cirrhosis and function were staged according to the Child Pugh classification (ascites, bilirubin, albumin, encephalopathy, thromboplastin time) and the MELD score (model of endstage liver disease, a calculation including the international normalised ratio [INR] , creatinine and bilirubin). HCC was classified according to the Okuda Score, the Barcelona clinic liver cancer score (BCLC) and the CLIP (cancer of the liver Italian programme) score, which have been described before [12, 14, fig. 1 ]. The Okuda score (tumour size, bilirubin, albumin and ascites) was the first classification system to include not only tumour-related parameters, but also liver function tests. Since the prognosis of HCC patients is closely related to the underlying liver disease, the Okuda score was superior to the TNM classification system. However, the three Okuda stages differentiate the prognosis only roughly and are no longer used in general. Here we used the Okuda score merely for comparison with the historical cohort. The BCLC score combines the Okuda Score for tumour specific parameters, the Child Pugh score for liver function and the patient`s performance status for an estimate of overall condition. The combination of these parameters is used to define five stages (0 for very early HCC, A-D for early to far advanced stages), which were correlated with the prognosis and the best therapeutic options [12] . The CLIP score includes the Child Pugh score and tumour specific parameters (morphology, AFP, vascularisation) and divides into seven stages (0 = early HCC to 6 = advanced HCC), which were correlated with the prognosis. CLIP does not suggest therapeutic procedures. Which score is the best prognostic tool for HCC patients is still under discussion [12, 14] . Both scores were used only for the study patients (1999-2013) and are not available for the historical cohort owing to the lack of some parameters, such as performance status. The classification procedures were performed at the first diagnosis of HCC. In the University Hospital Erlangen, the optimal therapy for each HCC patient is discussed and decided at a weekly interdisciplinary round of specialists in liver surgery, interventional radiology and hepatology. We documented the therapeutic approach for each patient. In this series, liver transplant options in accordance with the Milan criteria and tumour resection were surgical approaches. Transarterial chemoembolisation with or without the use of drug-eluting beads and high-frequency thermoablation (HFTT) were the single or combined interventional options. Dependent on localisation of the tumour nodules, HFTT was guided via ultrasound or computed tomography. Patients unsuitable for interventional therapy and with sufficient performance status received treatment with sorafenib or were included in clinical trials. If no established therapy was available owing to the tumour stage or insufficient liver function, the patients received best supportive care. Some patients were treated with tamoxifen in the early years of the observation period. Those were pooled with the best supportive care patients for analysis. Data were analysed statistically using WinStat for Exel (R Fitch Software, Bad Krozingen, Germany). Individual survival time was measured from the time of diagnosis until the end of the observation period, death or drop out. For survival time, a Kaplan-Meier analysis was performed. We analysed the differences in median survival time (MST) using the log-rank test or the t-test. For analyses with a large range of variables (CLIP 0-6, MELD 6-35), the Cox proportional hazard was calculated. Where applicable, we provided confidence intervals (CIs). A p-value of <0.05 was regarded as significant.
Results

Epidemiology and aetiology
Between December 1999 and January 2013, we registered 484 consecutive patients. The observation period ranged between 2 and 598 weeks. No patient was excluded. The dropout rate was <1%, 86% of the patients were male and 94.0% were Caucasian, the others being from Eastern Europe (Russia 1.4%, Rumania 0.4%, Croatia 0.4%), Turkey (1.5%), Italy (1.6%) and Greece (0.4%) (table 1) . Overall, 90.5% of the patients suffered from cirrhosis, and the others showed signs of chronic liver disease at an earlier stage. The aetiology varied widely: the largest subgroup showed alcohol-induced liver disease (47%); 19% suffered from
Figure 2
Kaplan-Meier curve for survival by Child Pugh score in patients with hepatocellular cancer (n = 301, 132 and 51 for Child Pugh A, B and C, respectively; p <0.001 for difference between the subgroups).
Figure 3
Kaplan-Meier curve for survival by BCLC score in patients with hepatocellular cancer (n = 6, 160, 94, 169 and 55 for BCLC 0, A, B, C and D, respectively; p <0.001 for B vs A, C vs B and D. C). BCLC = Barcelona clinic liver cancer score chronic HCV infection and 5.5% were positive for HBV infection (1% were positive for both). Only 0.5% had HDV infection. Nonalcoholic steatohepatitis (NASH) was shown in 3.9% of the patients. Autoimmune hepatitis, primary biliary cirrhosis and haemochromatosis occurred less frequently, in 0.2%-2% of patients. Nearly 20% of the patients had a liver disease of an unknown origin (table 1) . In 63.5%, histology was used in the diagnosis of HCC, and 36.5% were diagnosed with the EASL criteria.
Liver function and hepatocellular carcinoma scores
The patients were mostly diagnosed at an early stage of liver disease (62.2% Child Pugh A, 27.3% Child Pugh B, 10.5% Child Pugh C; Kaplan-Meier curve for survival by CLIP score in patients with hepatocellular cancer (n = 131, 155, 98, 51, 29, 17 and 3 for CLIP 0-6, respectively). CLIP = cancer of the liver Italian programme 
Discussion
During the last few years, the rate of HCC increased in the United States and parts of Europe particularly [1] . The prognosis depends not only on tumour size, but also on the underlying liver disease and the remaining liver function. Exclusively limited HCC stages are treatable in a curative approach, if surgical or interventional destruction of the complete tumour tissue is possible. With the introduction of sorafenib, the first systemic treatment option, prognosis is prolonged by only a few weeks [9, 18] . During the past decade, clinical and basic research gave insights into liver cancer development and optimised the therapeutic approach [8, 16, 17] . At least in industrial countries, surveillance programmes for patients with liver cirrhosis and certain liver diseases were established. The WHO has been recommending HBV vaccination for an about 30 years and has reduced the number of cases of HBV-related liver cirrhosis and cancer worldwide [1, 4] . However, the impact on epidemiology, prognosis and treatment is described for only a limited number of HCC patients [7, 8, 14, 19, 20] .
Here we evaluated a complete cohort of 484 HCC patients treated in a university hospital in northern Bavaria from 1999 to 2013. These patients were compared with a cohort (n = 281) treated from 1988 to 1999 in the same medical centre [12] . Compared with the historical cohort, we see an increase in admitted HCC patients in the present group. Since the University Hospital Erlangen has been a referral centre for years, and the admission strategy has not been changed, this might be related to an increasing incidence of HCC in the region. Similar data have been reported from other
Figure 5
Kaplan-Meier curve for survival of patients with hepatocellular cancer receiving single or multiple therapies (n = 347 and 137 for multiple and single therapy, respectively, p <0.001).
German hospitals [14, 19] and also in the United States in Tulane University [21] . Unfortunately nationwide data sets are lacking in Germany, most European countries and the United States. Alcoholic liver disease is the leading cause of liver disease in both the current and previous cohort, as reported by other European centres [12, 14, 19, 22] . Centres in the United States report that viral hepatitis is the leading cause for HCC-related liver disease, as was expected from the WHO data [1, 21] . In Europe especially, the increasing alcohol consumption by adolescents may be cause for concern [22] . We have to expect a growing number of young and difficult-to-treat patients with decompensating liver cirrhosis and HCC without the option of liver transplantation owing to alcoholism in this region [22] . Besides the number of patients with alcohol abuse, we see an increasing number of patients with HCV, whereas HBV-associated HCC is decreasing. This confirms the pattern described by other authors [2, 4, 23] . With better control of HCV infection, decreasing numbers of HCC patients might be expected (at least in the western world). Changed diagnostic criteria influenced timing and methods of diagnosis: The typical vascular pattern of primary liver cancer allows a biopsy-free diagnosis. In this cohort, biopsy-free diagnostic procedures followed the EASL guidelines [6] . Dynamic magnetic resonance imaging (MRI) and computed tomography, as well as contrast enhanced sonography, were used for detection of the early arterial enhancement and venous washout, which is typical for primary liver cancer. In the updates of the EASL and American Association for the Study of Liver Diseases (AASLD) guidelines from 2012, the use of contrast-enhanced ultrasound for biopsy-free diagnosis was excluded because cholangiocellular carcinoma and precancerous dysplastic lesions are difficult to differentiate [13] . This decision and change of guidelines is still discussed widely by radiologists and sonographists [13] . Even before the change in guidelines, the liver team in Erlangen demanded definite typical patterns in the imaging procedures. If there were any doubts, an additional imaging technique or a 
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Swiss Med Wkly. 2014;144:w13900 biopsy were required. As a result of this diagnostic procedure, we expected a biopsy-based diagnosis in only a small number of patients. However, a biopsy was performed in 60% of our patients. Higher quality computed tomography and MRI would probably detect smaller lesions of less than 2 cm in diameter, which could not be classified with dynamic imaging. Compared with the historical control group, we can now diagnose liver cancer at an earlier tumour stage when liver function is mostly preserved. The Child Pugh score can still differentiate estimated survival time correctly. The MELD score showed early stages of liver disease as well. However, no MELD value was >30 points (more than 90% <20). Nowadays, (at least in Germany) a liver transplant is feasible with around 30 or more MELD points. This analysis showed a decrease in survival time with increasing MELD points, as expected. However, the MELD score is not able to estimate the prognosis of individual HCC patients correctly [24] . Obviously, HCC patients are at a disadvantage compared with patients with liver cirrhosis of a different origin in regard to organ assignment, so for HCC patients exception MELD criteria are applied. There are no published information on whether the exception MELD score for HCC patients equals or favours HCC patients. In the United States, MELD allocation for HCC patients has had to be adjusted several times. Evaluations of the situation in Europe are lacking. Our data indicate that the HCC staging scores (CLIP, BCLC, Okuda) and the Child Pugh score for liver function are superior to the MELD score for estimation of prognosis. Similar data have been reported before [10, [24] [25] [26] . Besides residual liver function, tumour expansion and vascular invasion influence survival time and applicable therapeutic strategies [8, 27] . The classical TNM classification does not describe primary liver cancer sufficiently and has not been recommended for a few decades. The first HCC score estimating tumour and liver function parameters was the Okuda score. However, the Okuda system is too vague for individual clinical evaluation and treatment decisions.
Here we scored according to the Okuda method for sufficient comparability with the former cohort: The proportion of patients with limited disease (Okuda A) at the time of diagnosis increased significantly compared with the historical cohort. Beside the Okuda score, we determined the CLIP score and the BCLC score. Recently the CLIP score was highly recommended for estimation of prognosis in clinical and experimental settings [7, 14] . Here we describe a decrease in survival with higher CLIP stages as shown by Cox regression analysis. However, even with this fairly high number of patients, CLIP stages fail to provide an exact individual prognosis, with overlapping survival times between different stages (data not shown). The BCLC score was developed as a prognostic tool and guide for therapeutic decisions [7, 26] . With this the tumour stages were differentiated sufficiently. The BCLC score includes not only tumour-related parameters, but also the Child Pugh stage and the individual performance status of the patient. The largest subgroups in our cohort were those at the intermediate stages B and C, which are fit for interventional procedures. In the University Hospital Erlangen, each HCC patient is evaluated and discussed by an interdisciplinary board. However, treatment decisions followed the advice of the BCLC score in only 50% of the patients. The reason for this was mostly the proximity of portal veins or the liver capsule, the exact tumour position or difficult vascular patterns, which excluded HFTT or resection. This confirms the need of interdisciplinary boards and specialised HCC treatment centres with a range of different surgical, interventional and medical therapeutic options. The BCLC score may give guidance, but cannot replace a specialised centre for fixing individual treatment plans. Therefore, a final conclusion on the best score is not possible: for clinical prognostic evaluation and therapeutic advice, BCLC may be at advantage; for differentiation of risk groups as demanded in most clinical studies, the CLIP score may be superior. Compared with the historical cohort, overall survival time was improved, but the survival time within the stages remained stable. Similar survival data have been reported from other industrial nations [7, 8, 20] . Surveillance programmes (as done in our centre) result in diagnosis at an earlier tumour stage and with sufficient residual liver function, as seen in our data-set. This allows more aggressive, individualised and successful therapy. Countries without close surveillance of high-risk patients still report HCC diagnoses at advanced tumour stages with limited therapeutic options and poor prognosis [28] . The techniques of interventional procedures have been enhanced during the last few years. The use of drug-eluting micro-beads for transarterial chemoembolisation in particular seems to enhance the efficacy, as indicated in our cohorts. This may influence the status of TACE among the other treatment options [11, 18] . Survival time after resection decreased, which is difficult to explain. The lower survival with best supportive care is explainable since systemic therapy with sorafenib and study drugs were not possible in the historical cohort. Interestingly, we saw a change in therapeutic approach in the current data set: previously, limited liver function and insufficient therapeutic options allowed the application of only one treatment modality, whereas nowadays most patients are treated with sequential therapy. The possibility of combined treatment options increases survival time, especially in intermediate tumour stages. Among the new treatment options are sorafenib and various newly developed antitumour agents that reduce angiogenesis and proliferation of HCCs. The concept of a systemic treatment option was simply a milestone in HCC therapy [15, 18] . Our data regarding the efficacy of systemic treatment are comparable to the literature, with limited but significant effects. Therefore, development of more effective HCC therapeutics or combined treatment options is urgently needed [15, 16] .
In conclusion, we describe an increasing incidence, but also a better prognosis in our cohort. Surveillance leads to the detection of HCC and liver disease at an early stage. The epidemiological analysis showed alcoholic liver disease to be a risk factor for HCC. Health education is urgently needed in the western world. Survival time increased owing to early diagnosis. HCC is still difficult to treat, but we are now able to offer more sufficient and lifeprolonging therapeutic options to our patients. However, systemic treatment is still unsatisfactory. Certainly, there are further substances and combined treatment options on the way. So far, the improvement of interventional techniques (radiofrequency ablation and transarterial chemoembolisation) offers the most realistic options.
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Figure 4
Kaplan-Meier curve for survival by CLIP score in patients with hepatocellular cancer (n = 131, 155, 95, 51, 23, 17 and 3 for CLIP 1-6, respectively).
CLIP = cancer of the liver Italian programme
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